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Incidence and clinical relevance: In immunocompromised patients, infection with SARS-CoV-2 may cause pro- 

longed viral pneumonia. Due to limited clinical evidence, this phenotype is poorly addressed in guidelines and 

may therefore remain undiagnosed or inadequately treated. 

Etiologies/ differential diagnosis: For clinical diagnosis of prolonged COVID-19 pneumonia, we propose the fol- 

lowing diagnostic criteria: prolonged respiratory symptoms and/or fever beyond 30 days after symptom onset 

of COVID-19, in the presence of persistent radiologic features and persistently positive SARS-CoV-2 PCR and the 

absence of another apparent explanation. A negative PCR from the upper respiratory tract may not suffice to 

rule out prolonged viral pneumonia, as viral replication may be restricted to the lower respiratory tract. Alter- 

native diagnoses should be considered in case of no response to empiric treatment. The differential diagnosis 

includes (co-)infection with a respiratory viral, bacterial or fungal pathogen, organizing pneumonia and other 

lung diseases. 

Recommended treatment options and durations: In case of prolonged mild symptoms in combination with radiologic 

evidence and persistently positive SARS-CoV-2, we propose a 5- or 10-day course of antiviral treatment followed 

by antibody treatment as the primary treatment option. However, the availability of these drugs may be limited 

and effectiveness strongly dependent on the variant of SARS-CoV-2. Successful repeated or combination courses 

with antivirals have also been described. 

Conclusion: Even though the phenotype of prolonged viral pneumonia in COVID-19 is described in literature, its 

epidemiology and mechanisms are still poorly understood. Therefore, our approach to this clinical problem is 

largely based on anecdotal evidence and expert opinion. 
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ncidence and clinical relevance 

Immunocompromised patients are at increased risk for severe pul-

onary infections, including severe COVID-19 [ 1 ]. In addition to severe

isease, immunocompromised patients may also present with prolonged

ARS-CoV-2 viral pneumonia [ 2 , 3 ]. For clinical diagnosis of prolonged

OVID-19 pneumonia, we propose the following diagnostic criteria: pro-

onged respiratory symptoms and/or fever beyond 30 days after symp-

om onset of COVID-19, in the presence of persistent radiologic features

nd persistently positive SARS-CoV-2 PCR and the absence of another

pparent explanation. 

Prolonged viable shedding is common among immunocompromised

atients, with a median of 4 weeks in a cohort of patients who were im-

unocompromised due to a hematologic malignancy or transplantation

 4 ]. Prolonged viral shedding is also relatively common among peo-
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le living with HIV with low CD4 counts and among kidney transplant

atients [ 5 , 6 ]. In contrast, persistent infection is rare among healthy

ndividuals. In a large community-based surveillance study performed

n the United Kingdom, at least 26 days between positive samples was

bserved in 381 of 77,561 people (0,49 %) and at least 56 days in be-

ween positive samples was observed in 54 of 77,561 patients (0,07 %).

hose with persistent infection had higher odds of persistent symptoms

 7 ]. Furthermore, it has been demonstrated that persistent infection is

ssociated with adaptive viral evolution within the host [ 8 ]. 

High age, male sex and common comorbidities are well-established

isk factors for severe COVID-19. Among specific immunocompromised

ubgroups, especially patients with stem cell transplants within 2 years

rior to COVID-19 are at risk for hospital admission, followed by those

ith recent solid organ transplant [ 1 ]. Prolonged viral shedding is com-

on among patients with severe COVID-19 [ 9 ]. However, it remains un-
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lear to what extent prolonged viral pneumonia shares risk factors with

evere COVID-19 as this condition is poorly addressed in large prospec-

ive studies. 

Recently, we found that typical COVID-19 symptoms were present

y day 30 of infection in 35 % and by day 90 in 18 % of patients

ith anti-CD20 treatment for any condition within 12 months before

OVID-19. In these patients, prolonged COVID-19 respiratory and in-

ammatory symptoms were associated with prolonged PCR-positivity

nd changes in computed tomography [ 2 ]. The frequency of pro-

onged viral pneumonia in other immunocompromised groups remains

nclear. 

Despite the increased risk of complicated COVID-19 in immunocom-

romised patients, this group is insufficiently addressed in clinical trials.

s a result, clinical guidance is least available in most complicated cases.

ere, we aim to contribute to practice guidance in management of pro-

onged viral pneumonia in COVID-19, despite the poor availability of

linical evidence. 

linical presentation 

Typical COVID-19 symptoms related to viral pneumonia include

hortness of breath, cough and fever. Even though other symptoms are

ommon, during the infectious stage as well as post-infection, we do

ot consider them as primarily related to pneumonia for differential

iagnostic purposes. Radiologically, COVID-19 pneumonia may appear

s bilateral ground glass opacities with or without consolidation, often

ith a peripheral distribution, and most frequently involving the lower

obes [ 10 ]. Furthermore, an airway sample, either obtained from na-

opharyngeal or oropharyngeal swab or from bronchoalveolar lavage

BAL), is typically positive for SARS-CoV-2 [ 2 ]. 

A negative PCR obtained from the upper respiratory tract may not be

ufficient to rule out prolonged viral pneumonia can still be considered

s viral replication may be restricted to the lower respiratory tract. For

his purpose, as well as for the detection of possible other (co-)infections,

AL is preferred. Alternative diagnoses should be reconsidered in case

f no response to empiric treatment. 

icrobiology, immunology and pathogenesis 

Research on prolonged symptoms related to COVID-19 infection

long COVID) has largely focussed on the general population and in-

ludes nonspecific symptoms, while viral persistence is considered one

mong several pathogenic mechanisms [ 11 ]. Even though several stud-

es have observed immune dysregulation among long COVID patients,

ncluding T cell exhaustion, that could potentially explain viral persis-

ence, these findings do not necessarily reflect the immune mechanisms

nvolved in the specific case of prolonged viral pneumonia [ 11 ]. In fact,

rolonged viral pneumonia did not correlate with long COVID symp-

oms after 26 weeks [ 7 ]. For clarity, we prefer to avoid the term ‘long

OVID’ and its synonyms in patients with findings consistent with pro-

onged viral pneumonia. 

Whereas immune disorders related to severe COVID-19 and long

OVID are widely studied, the mechanisms responsible for persistent

nfection are still poorly understood. However, the available evidence

s suggestive for an interplay between different immune mechanisms

nd cell lines. For instance, suppressed B-cell function in patients on

nti-CD20 treatment results in inadequate humoral immune responses

nd decreased effectivity of vaccination. Among patients on anti-CD20

reatment, those with multiple sclerosis (MS) rarely developed pro-

onged viral pneumonia whereas this is a common condition among

hose with haematologic malignancy or connective tissue disease. In

hese patients, the underlying condition, age, comorbidities and/or (im-

unosuppressive) co-medications likely play a role beyond suppressed

 cell function after anti-CD20 treatment [ 2 ]. Even when no anti-

ARS-CoV-2-antibodies can be detected from the serum, T cell function
2

ay suffice in preventing severe COVID-19 [ 12 ]. It can be hypothe-

ized that a robust T cell response may be sufficient to prevent pro-

onged viral pneumonia in a subset of patients with suppressed B cell

unction. 

Thus, several mechanisms be affected in immunocompromised pa-

ients, depending on the underlying disease and immunomodulating ef-

ects of treatment. 

ifferential diagnosis and diagnostic work-up 

Differential diagnosis includes (co-)infection with other respiratory

iral, bacterial or fungal pathogens [ 13 ]. Testing for a panel of res-

iratory pathogens, preferably by BAL, should be considered espe-

ially in case of a negative PCR for SARS-CoV-2 obtained from the

pper respiratory tract or if the response to antiviral treatment is not

chieved in a sufficient period of time and in cases with severe or

rogressive disease. BAL is recommended in immunocompromised pa-

ients in the light of possible COVID-19 viral replication restricted

o the lung, with negative samples from the upper respiratory tract,

s well as possible other (opportunistic) infections or co-infections

 14 , 15 ]. 

Organizing pneumonia after COVID-19 may present with similar

maging findings in the absence of molecular diagnostic findings, and

his condition may respond well to treatment with corticosteroids [ 10 ].

he radiologic patterns found in COVID-19 may also be the result of

ther conditions such as pulmonary manifestation of underlying dis-

ase in patients with connective tissue disease. However, due to the

imilar clinical and radiologic presentation and the potentially harm-

ul effect of corticosteroids in prolonged pneumonia, PCR re-testing of

asopharyngeal swabs for SARS-CoV-2 and other pathogens should be

onsidered first in these patients, and reconsidered in the absence of

 prompt response to corticosteroid treatment. Other conditions such

s pulmonary haemorrhage, eosinophilic pneumonia, cardiogenic pul-

onary oedema, interstitial lung disease and cardiogenic pulmonary

edema may also present with a similar clinical picture. BAL-fluid test-

ng may be feasible to differentiate prolonged viral pneumonia from

pportunistic coinfections or from some other conditions. The likeli-

ood of prolonged viral pneumonia as well as alternative diagnoses

ay be highly dependent on the specific immune disorders of the

atient. 

Detailed history taking can provide essential clues in assessment of

atients with prolonged viral pneumonia. These include medical his-

ory, timing of immunosuppressive medications, the number, type, and

iming of vaccinations, previous COVID-19 episodes, and the qualita-

ive assessment of onset, fluctuation and duration of symptoms, and re-

ponse to medications. We propose that in immunocompromised pa-

ients, COVID-19 symptoms should be re-assessed at 1 month from

nset. 

Markers of inflammation, such as C-reactive protein (CRP),

nterleukin(IL)-6 and ferritin correlate with severity of COVID-19 [ 16 ].

owever, compromised immunity and immunomodulatory treatment

ay affect the levels [ 17 ]. For instance, we observed a consistent

nd dramatic decrease of CRP short after treatment with IL-6 receptor

ntagonist tocilizumab, independent of clinical response to the treat-

ent [ 18 ]. Patients with prolonged viral pneumonia may present with

nly mildly elevated CRP. Persistent respiratory and/or inflammatory

ymptoms is strongly associated with findings upon imaging and PCR-

ositivity consistent with prolonged viral pneumonia in immunocom-

romised patients [ 2 ]. Markers of interferon response such as myx-

virus resistance protein A (MxA), monocyte chemoattractant protein-

 (MCP-1) or interferon (IFN)-y-induced protein 10 (IP-10) as well as

ther cytokines such as IL-6 and IL-10 may provide diagnostic clues,

ut their diagnostic value in prolonged viral pneumonia in COVID-

9 has not been established [ 19 ]. Similarly, assessment of viral via-

ility, PCR cycle threshold, sequencing and detection of antiviral an-

ibodies and T cell function may be helpful in evaluation of the rel-
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vance of the clinical findings and likelihood of prolonged COVID-19

neumonia. 

ecommended treatment and duration 

Clinical evidence on treatment of prolonged viral pneumonia is

argely limited to anecdotal evidence. Therefore, treatment is often

ased on expert opinion and on experiences shared by the scientific

ommunity. 

Recently, we have published a retrospective study, in which several

atients received a standard course of antiviral treatment (5 days of

ither remdesivir or ritonavir-boosted nirmatrelvir), directly followed

y monoclonal antibody treatment directed at SARS-CoV-2. This led to

 rapid and complete resolution of symptoms and other clinical findings

n 5 of 6 mild cases without need for supplemental oxygen. However,

his treatment was unsuccessful in hospitalized patients with respiratory

upport [ 2 ]. In case of prior treatment with high dose corticosteroids for

linical suspicion of organizing pneumonia, we aim to stop or reduce the

ose of corticosteroids in order to optimize antiviral immunity before

reatment. 

Below, we will discuss several treatment options for COVID-19 in the

ight of immunocompromised patients. 

ntiviral medications 

Early treatment with antivirals such as remdesivir and ritonavir-

oosted nirmatrelvir and is associated with significantly decreased risk

f hospitalization for severe COVID-19 [ 20 , 21 ]. Due to their risk for

omplicated COVID-19, immunocompromised patients are likely to ben-

fit from antiviral treatment. Therefore, immunocompromised patients

hould be instructed to seek immediate care or self-test in the case of

ymptoms suggestive of a respiratory infection, irrespective of the mag-

itude of symptoms. These patients may benefit of antiviral treatment

lso beyond the first week of infection. Beyond established antivirals,

nvestigational agents (e.g. ensitrelvir) may also provide an option, for

nstance in patients not responding to remdesivir [ 22 ]. In many set-

ings, prolonged courses of antivirals, for instance for 10 days, is com-

on practice in immunocompromised patients instead of standard 5 day

ourses in immunocompetent patients. In prolonged infection, success-

ul treatment with a combination of 2 or 3 antivirals and by repeated

ourses has been reported [ 23 , 24 ]. 

eutralizing antibodies and convalescent plasma 

Monoclonal and polyclonal neutralizing antibody therapies have

een effective in preventing severe COVID-19, but high costs and lim-

ted availability have restricted the application of these treatments.

 number of antiviral monoclonal antibodies, mainly but not exclu-

ively targeting the receptor-binging domain of the spike glycoprotein of

ARS-CoV-2, have been highly effective in prevention of severe COVID-

9, especially in immunocompromised patients. However, the well-

stablished treatments with for instance casirivimab/imdevimab or tix-

gevimab/cilgavimab are not anymore sufficiently effective in protec-

ion against circulating variants and their emergency use authorizations

ave been revoked [ 25 ]. The availability and applicability of neutraliz-

ng antibody therapy has changed during the COVID-19 era, and this will

robably remain the case as new viral variants arise. We propose that

mmunocompetent patients should be prioritized for prevention with

eutralizing antibody therapy, and that neutralizing antibody therapy

hould be made available as a treatment option for patients with pro-

onged viral pneumonia. 

Transfusion of convalescent plasma has not been found effective in

he treatment of severe COVID-19 in immunocompetent individuals, but

 meta-analysis found that high-titre convalescent plasma decreases the

isk of severe covid-19 in non-hospitalized patients. Furthermore, treat-

ent with COVID-19 convalescent plasma is associated with mortality
3

enefit for immunocompromised patients with COVID-19 [ 26 ]. There-

ore, convalescent plasma could be feasible for preventive as well as

or elective treatment in patients with compromised humoral immunity

specially when antibody therapy is not available. 

nterferon lambda 

It has been demonstrated that higher interferon 𝜆 concentrations

orrelate with better recovery in severe COVID-19 due to its antiviral

roperties in combination with its anti-inflammatory effects. Although

reatment with interferon I was not found feasible in COVID-19, a pro-

ective effect of interferon 𝜆 treatment was found to protect against

omplications in COVID-19 [ 27 ]. To date, effectiveness and safety of

nterferon 𝜆 in immunocompromised patients has not yet been assessed,

ut we consider this as an option worth experimentation within clinical

rials. 

ntithrombotics 

While antithrombotic therapy with low-molecular weight heparin is

ecommended in noncritically ill, hospitalized immunocompetent pa-

ients based on findings from large trials, there is little evidence from

pecific immunocompromised patient groups [ 28 ]. We are not aware

f any data disfavouring antithrombotic treatment in immunocompro-

ised patients in general. 

ccess to specific medications 

Access to specific treatments for COVID-19 may be limited by au-

horities to decrease the treatment costs of COVID-19 at the popula-

ion level, or due to absence of sufficient knowledge of efficacy or

ide effects. In Finland, for instance, convalescent plasma treatment

s not available. Furthermore, neutralizing antibody therapy with tix-

gevimab/cilgavimab was limitedly available to patients at increased

isk for severe COVID-19, while treatment with monoclonal anti-

ody AZD3152 was first made available for transplant patients ex-

lusively while awaiting authorization for the use of this monoclonal

ntibody. 

revention and closing knowledge gaps 

Effectiveness of vaccination for COVID-19 is limited in immunocom-

romised patients, but this is highly dependent on the affected immuno-

ogical pathways [ 29 ]. Intensive vaccination schedules are generally ap-

lied in immunocompromised patients, as immunity may rapidly wain.

urthermore, timed vaccination strategies of for instance 12 weeks be-

ore and 6 months after anti-CD20 therapy have been proposed, but

ifferential duration of B cell depletion after anti-CD20 therapy and a

aucity of research data limit the application of these strategies [ 30 ].

n general, we propose an intensive, heterologous and timed vaccina-

ion strategy on an individual basis. This implies a leading role for the

reating specialist in the vaccination schedule of immunocompromised

atients. 

onclusion 

Prolonged viral pneumonia is not uncommon in immunocompro-

ised COVID-19 patients. However, this phenotype remains poorly ad-

ressed in clinical trials. Because of the lack of data from clinical trials,

uidance of management of COVID-19 in immunocompromised patients

s limited. Thereby, this condition poses a huge challenge to these pa-

ients and their treating physicians. However, treatment with a combina-

ion of a standard course of antiviral medication followed by treatment

ith neutralizing antibodies may result in a rapid clinical response in a

ubset of patients. 
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With this perspective, we aim to provide some practical guidance

n the management of COVID-19 in immunocompromised patients and

rolonged viral pneumonia, despite the poor availability of clinical ev-

dence. 

ELF-QUIZ: right answers marked yellow 

1) Which patient is likely at highest risk for hospitalization for COVID-

19?. 

a) a 50-years old vaccinated woman with COVID-19 4 months after

stem cell transplantation. 

b) an unvaccinated 65-year old man with COVID-19. 

c) a 50-years old vaccinated man with metastasized colon carci-

noma. 

d) a person living with HIV and a CD4 count of 150 cells/mm3 . 

2) In this manuscript, the authors propose diagnostic criteria for pro-

longed COVID-19 pneumonia. Which item is not part of their defini-

tion?. 

a) Persistent radiologic evidence of viral pneumonia. 

b) Respiratory symptoms or fever. 

c) The underlying immunodeficiency 

d) Molecular genetic testing. 

3) In this manuscript, the authors propose treatment of prolonged

COVID-19 pneumonia with a course of antiviral drug followed by

neutralizing antibody treatment. What is the level of evidence be-

hind this advice?. 

a) Systematic review and meta-analysis. 

b) Evidence from randomized controlled trials. 

c) Evidence from case-controlled studies. 

d) Anecdotal evidence from a case series and reports. 

4) A specific group at risk for prolonged COVID-19 pneumonia is com-

posed of patients on anti-CD20 drugs, which interfere with B cell

function. Does this specific group benefit from vaccination?. 

a) Yes, because the humoral response to vaccination is unaffected,

despite decreased B cell function in general. 

b) Yes. Robust T cell response can be detected after vaccination

in these patients, even though the humoral response is often

severely decreased. 

c) No. After registration of anti-CD20 medication, practically all

protective immune responses vaccination are blocked. 

d) No. Vaccination should not be applied as this promotes dys-

balanced immunity, which is associated with increased risk of

COVID-19. 
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